In an interview with Neuron, Yukiko Goda talks about her fascination with synapses and her work experience in the U.S., UK, and Japan. She discusses the value of engaging with science administration and the need to attract young, cross-disciplinary scientists to neuroscience.
Yukiko Goda is Team Leader at the RIKEN Center for Brain Science, where she is also a Deputy Director. She received her PhD with Suzanne Pfeffer at Stanford University studying intracellular membrane trafficking. Her postdoctoral training was with Charles Stevens at the Salk Institute, where her deep curiosity in synapses was instilled. She joined the faculty at UC San Diego in 1997 and 4 years later moved to the Medical Research Council Cell Biology Unit at University College London. In 2011, she returned to Japan to start her group at RIKEN. Over the past two decades, her research has addressed the cellular and molecular mechanisms of synaptic transmission and plasticity. In particular, her laboratory has capitalized on in vitro preparations to examine synapse function down to the level of individual synapses. Her lab has uncovered the basis for a series of trans-synaptic interactions, from activitydependent remodeling of the pre-and postsynaptic actin to defining how synapse adhesion proteins coordinate the pre-and postsynaptic strengths. Recently, her group has found a role for astrocytes in adjusting the presynaptic strengths via an unexpected signaling pathway in astrocytes. Her group has also demonstrated the surprisingly ubiquitous sharing of synaptic vesicles between boutons, which revealed the synaptic vesicle superpool.
Neuron is marking its 30 th anniversary this year. Which Neuron papers have struck you as truly elegant or inspired and why? There have been many wonderful and inspirational Neuron papers over the years. The list continues to grow and it is daunting even to name a few. Still, as an example, one of the sources of inspiration for the first big project we tackled in my own lab was the report by Andrew Matus's group of dynamic GFP-actin in dendritic spines (Fischer et al., Neuron 20, (847) (848) (849) (850) (851) (852) (853) (854) ; May 1998).
The videos were so striking; it triggered more thoughts about the existence of presynaptic actin and what it does, and how we could capitalize on the ability to visualize the dynamic synaptic actin to probe the underlying synaptic processes. Studies of actin in turn have led to studies of synapse adhesion proteins linked to actin, and to our interest in the interactions across the synaptic cleft and beyond that now includes astrocytes.
What future direction in neuroscience are you most excited about? The dizzying pace of technological advances has galvanized neuroscience research. On the one hand, optogenetics, virus-based tools, miniaturization of recording and imaging devices, along with groundbreaking CRISPR-based genome editing and single cell technologies, have brought unprecedented levels of understanding of brain organization and neural circuit basis of animal behaviors and higher cognitive functions. On the other hand, super-resolution imaging has continued to reveal the secrets of nanoscale neural architecture. Despite the tremendous progress in the level of analysis in both directions, many basic questions remain to be explored. I am still obsessed with synapses. We have learned a huge amount about the molecular mechanisms underlying the functions of an average synapse: the various steps leading to neurotransmitter release and the dynamics of postsynaptic receptors coupled to structural plasticity of spines and the wealth of signaling pathways involved. Yet synapses are highly diverse and the dynamic parsing of information to individual synapses within a circuit is not known. Synapses are so densely packed and their submicron scale just small enough that tracking the functional changes of individual synapses in real time in the living brain poses a huge challenge. I am very excited that technology is catching up. Soon enough, we will have the means to decipher the behavior of individual synapses belonging to specific circuits in situ. By then, the muchdebated question of whether long-term potentiation associated with memory involves pre-or postsynaptic changes will be long forgotten, as we will be able to directly monitor such changes during the learning process. In addition, simultaneous monitoring of a huge collection of synapses across circuits over time will provide direct insights into how different forms of synaptic plasticity manifest and interact to mediate relevant brain functions and behavior.
I am also excited about the roles of glial cells that are just as numerous as neurons in the brain. Very fine astrocyte processes are closely associated to synapses and the fact that the relative proportion of astrocytes to neurons is dramatically increased in humans compared to Yukiko Goda RIKEN Center for Brain Science, Japan rodents make you wonder just how astrocytes might contribute to higher cognitive functions. It is not clear whether we have identified all the modes by which astrocytes shape neural circuits. For instance, we have yet to understand the basis by which glial cell diversity is generated and embedded in neural circuits.
How would you like to see neuroscience evolve over the next 30 years? Returning the benefits of research to the public is one of the responsibilities of the neuroscience community as a collective. In addition to tackling neurological and neurodegenerative diseases and overcoming the challenges of an aging society in the coming decades, neuroscience research should become more closely aligned to the human mind and push our understanding of human behavior in a way that enriches our lives and the environment.
Our science is deeply mired in government policies with our research funds coming mostly from public money. The extent to which the voices of scientists are reflected in science administration differs from country to country, but most scientists agree that louder is better. In Japan, there seems to be a separation of career tracks between administrators and scientists. I would like to see an even greater involvement of administrators with scientific backgrounds and direct research experience in decisionmaking steps at ministerial levels to seamlessly coordinate public demands and the needs of the science community. Neuroscience research can be boosted more effectively.
Who were your key early influences? I have been so fortunate to have had superb mentors who have strongly influenced the way I tackle scientific problems. As a young PhD student, I was inspired by Suzanne Pfeffer's boundless energy and curiosity. For my postdoc, working with Chuck Stevens was an incredible experience. He had deep insights on myriad of topics. For project issues he always had just the right suggestions and the little push needed. I have also been very lucky to be surrounded by wonderful colleagues. Especially the people in my own group with their creativity and deep commitment to science have been vital.
What motivated you to become a scientist? Growing up, I always had wide interests in the arts, and I never dreamed of becoming a scientist. As I told Amanda Alvarez in a recent interview for the RIKEN Brain Science Institute newsletter, having moved countries three times as a preteen and a teenager, I found that science and math had a universal language. At the University of Toronto, a fantastic professor in chemistry convinced me to double major in chemistry and biochemistry. Visiting a lab for the first time as a second year undergraduate, I was surprised to find a welcoming space filled not only with flasks but guitars and memorabilia, and the students and postdocs seemed to be having fun. I then worked in a chemistry lab in the summer. Later for my undergraduate thesis project, I got to work on transcription regulation with Jack Greenblatt, who also taught me the ins and outs of in vitro assays. The experience led me to study cell biology in graduate school. During my PhD, in searching for a new topic for my postdoc, a turning point was taking a developmental neurobiology course at Cold Spring Harbor Laboratory. Back then, the molecules for axon guidance had not been identified, whereas I learned from colleagues in neurobiology that a cellular model of memory, longterm potentiation, had been reconstituted in vitro, which inspired me to study synapses as a postdoc.
What continues to inspire you? I find beauty in biological systems, in its cellular and molecular mechanisms. The timeless aesthetics of Cajal drawings is one thing, and experiencing the beautiful architecture of a real brain is another. Also, although not so live, molecular biology and biochemistry, with aspects of hands-on artwork coupled to precision and timing, like baking, which I enjoy, are challenging and satisfying. The first time I dye-filled a neuron, I had to call everyone in the lab. Watching the current traces of a patch-clamped neuron for the first time, live on a screen, was also exciting. The beauty of the nervous system is inspiring, and figuring out how its parts work and fit is gratifying.
What do you think are the biggest possibilities and challenges for the education of the future neuroscientists? I sense a crisis brewing because the population of younger people is shrinking, especially in aging societies like Japan, and also because fewer students are interested in pursuing higher degrees in science. Young people are increasingly concerned about quality of life. Aiming for academic professions that are typically associated with long working hours without a generous salary may not be particularly appealing. We need special incentives to encourage and support students entering graduate programs. Otherwise, in a decade, there may be a lack of a critical mass of young scientists and future scientific leaders. As I noted before, the work culture emphasizing long working hours has been a highly debated issue in Japan recently. Although leaving the workplace before your boss seems to carry less of a stigma these days, official work commitments on weekends are still expected on occasion. While long working hours don't necessarily lead to higher productivity, basic science cannot be rushed. We end up spending long hours aiming for that eureka moment that is so rewarding.
Neuroscience is becoming increasingly cross-disciplinary. Technological advances in research tools have been greatly facilitated by merging of engineering, mathematics, physics or chemistry, and biology. Moreover, the current drive toward understanding of higher cognitive functions in humans might bridge humanities and social sciences. Students interested in pursuing careers in neuroscience will have an edge over their peers if they acquire expertise in multiple areas, particularly in physical sciences. This may be daunting. Each discipline has its own language (which can differ even within biology, for example, C. elegans researchers have their own mutant ''codes''). Without gaining extensive training, even a light grasp and knowledge of the latest trends in the fields outside of one's expertise, and being able to communicate with colleagues in different disciplines to navigate a shared question, will surely be a plus.
In addition to neuroscience becoming more cross-disciplinary, international collaborations are also on the rise, especially with the push for big data-gathering network collaborations. What about internationalization of institutes themselves? Being based at a Japanese institution, science without borders still seems like a pipe dream. Administrative and scientific community practices are different across cultures, and social norms can also be diverse, often in most unexpected situations. How we respect the cultural differences without introducing biases is and will continue to be important.
Another crucial issue on diversity is the scarcity of women in science. The problem becomes increasingly pronounced with career progression. Whether on committees or at conferences, it is common to be outnumbered by men. This has changed significantly in North America and Europe, but Japan lags behind. Affirmative action is needed, and our institute has started a program for junior independent scientist positions exclusively for women. But this is not enough. As mentioned above, with the decreasing number of young people entering science, we need programs to actively engage women students (and young men, also) entering science. The earlier the better, perhaps targeting high school students.
What advice do you find yourself giving to your students and postdocs? Always remember the childlike pure enjoyment of scientific discovery that drew you into science in the beginning. We are privileged to have a choice of exciting topics to study. Designing experiments can be very rewarding despite the reality that most of the time experiments don't work. Don't be discouraged that what you find to be exciting may not necessarily get others excited. Try to stay a step ahead of everybody but not so far ahead that no one will appreciate what you're doing. Enjoy the creativity of finding that fine balance and ways to tackle the questions you are most intrigued about.
What do you do when you're not in the lab? Spending time in the kitchen is a wonderful way to relax for me. One can be creative and share the outcome with people. I also like to dance.
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